Use of holy springs and holy water is inherent in religious activities. Holy spring water is also used extensively for personal drinking water, although not assessed according to drinking water standards. Holy water in churches and chapels may cause infections via wetting of lips and sprinkling on persons. Our aim was to assess the microbiological and chemical water quality of holy springs and holy water in churches and hospital chapels. Of the holy springs investigated, only 14% met the microbiological and chemical requirements of national drinking water regulations. Considering results from sanitary inspections of the water catchments, no spring was assessed as a reliable drinking water source. All holy water samples from churches and hospital chapels showed extremely high concentrations of HPC; fecal indicators, Pseudomonas aeruginosa and Staphylococcus aureus occurred only in the most frequently visited churches. We conclude that it is highly necessary to include holy springs in programs for assessment and management of water quality. Public awareness has to be raised to perceive holy springs as potential sources of illness. Holy water can be another source of infection, especially in hospital chapels and frequently visited churches.
INTRODUCTION
Austria is a country in which a large part of its citizens are deeply engrained in Catholicism. Inhabitants have many ancient customs and ceremonies, which often involve contact with holy springs and holy water. Whereas holy water is used throughout life in Catholic ceremonies, holy springs are visited for pilgrimage or, in particular cases, when someone is drinking it because of illness or firm belief.
Additionally, water from such holy springs is taken simply to use as drinking water by people who believe that it is of higher quality than normal tap water. Despite the fact that some Christian holy springs have been widely used since the 15th century (Hirsch & Ruzicka ) and despite their obviously high importance for public health, to the best of our knowledge, no papers have been published before on the microbiological and chemical quality of the water of holy springs. Moreover, holy springs are usually not under surveillance and control by local authorities.
Some information has been published on the quality of holy water (see below). The field of application of holy water is large and comprises wetting the fingers in a font after entering a church and making the sign of the cross on the forehead, lips and chest and blessing food or persons by sprinkling them. Holy water is usually made only once a year at Easter time, when tap water is blessed and stored afterwards in tanks. In case of running out of holy water during the year, it may be diluted with tap water. Furthermore, the Catholic Church recommends adding an unregulated amount of blessed salt (sodium chloride) to
MATERIALS AND METHODS

Sampling holy spring water
The 21 investigated holy springs are located in Eastern Austria in the provinces of Lower Austria and Burgenland. To preserve anonymity, no map of the exact sampling locations is shown; holy springs were thus expressed as HS in the text and numbered consecutively. At each sampling day a sanitary inspection of the water catchment was performed to assess the susceptibility of the water source to contamination. Furthermore, the odor and appearance of the water samples taken were checked on site. Because of possible infection risk the taste of the water samples was not assessed. Samples were taken at least twice from each holy spring in June, July and August 2010, and in April 2011. A volume of 3,000 ml water was collected into sterile glass bottles. Immediately after sampling, water temperature and air temperature were measured. The bottles were transported within 6 h in the dark to our accredited laboratory by using an ice-box with ice-packs guaranteeing storage below 8 W C. After arrival in the laboratory, electrical conductivity
and pH values were determined immediately.
Sampling holy water
Holy water samples were taken from holy water fonts in 18 churches in Vienna, including frequently and less frequently visited ones as well as chapels of two large hospitals in Vienna. To preserve anonymity, no map of the exact sampling locations is shown; holy water fonts were thus expressed as HF in the text and numbered consecutively.
With a minimum of two holy water samples per church, in total 53 samples were collected between July 2010 and January 2011. The fonts were located near to the major entrance of each church. With a sterile pipette a minimum of 50 ml water was retrieved from each font, added to a sterile glass bottle and transported within 4 h as described above. Extraction of a larger volume of water was impossible because the water volume in the fonts was too low.
Water temperature, air temperature, electrical conductivity
and pH values were determined as described above.
Bacteriological parameters
Heterotrophic plate counts
For holy water and holy spring water samples, heterotrophic plate counts (HPCs) were determined according to ISO 6222 (ISO a). Parallel yeast agar plates derived from 1 ml subsamples and appropriate dilutions were incubated for 24 h at 36 ± 2 W C (HPC37) and for 48 h at 22 ± 2 W C (HPC22).
Fecal indicator bacteria
Escherichia coli, coliform bacteria and intestinal enterococci were determined via the membrane filtration technique in 10 ml of holy water and 250 ml of holy spring water and appropriate dilutions according to ISO 9308-1 (ISO a) for E. coli and coliform bacteria, and ISO 7899-2 (ISO b) for intestinal enterococci.
Other bacterial species P. aeruginosa was determined according to ISO 16266 (ISO ); 10 ml subsamples were used for holy water and 250 ml subsamples were used for holy spring water.
Staphylococcus aureus was determined in 10 ml subsamples of holy water only, following ISO 6888-1 (ISO b). 
RESULTS
Holy spring water
Visual inspection
Most of the springs are located next to or are part of a chapel, situated adjacent to residential buildings. The surrounding of the water catchment was usually cleaned up.
The construction of water catchments (i.e. the structures that collect the water from the spring), installations and outlets, though, were often in bad condition and built in a way that contamination from outside was likely to occur. Burning candles, fresh flowers and pictures of saints put up next to the holy springs demonstrated frequent use of the spring water within organized pilgrimages and ceremonies celebrated in the chapels. During sampling, we observed people filling up several bottles of water, and parents, trying to convince their children of the high quality of the water.
Bacteriological parameters
Concentrations of HPC22 ranged from 0 to 1.7 × 10 4 CFU ml
À1
, HPC37 ranged from 0 to 3.2 × 10 2 CFU ml À1 (Figures 1(a) and 1(b)). In total, 19 samples from 12 springs exhibited HPC values above recommended indicator values (100 CFU ml À1 for HPC22 and 20 CFU ml À1 for HPC37).
Highest concentrations of both HPC22 and HPC37 were observed at HS15. This spring is equipped with a hand-operated pump made of wood, in which biofilms could grow very well.
HS3, HS4 and HS6 water samples had lowest CFU values.
A high percentage of the 50 samples was contaminated with fecal indicator bacteria (Figure 2 ): 38 samples (76%)
were contaminated with coliform bacteria, 19 samples (38%) with E. coli and 16 samples (32%) with enterococci.
P. aeruginosa was found four times (8%; data not shown).
In a single sample, collected from HS7, Campylobacter jejuni was detected. Here, also the highest concentration of total coliform bacteria, 3.25 × 10 3 in 250 ml, was found.
This spring is not protected by any artificial structure, thus allowing animals or surface water to contaminate the spring. Highest E. coli concentrations were found in HS18, where the catchment of the spring is integrated into the wall on the outside of a little church. In one sample, 310 E. coli CFU per 250 ml were detected. The highest concentration of enterococci (240 per 250 ml) was detected in a sample from HS9, which also was highly polluted with E. coli (275 per 250 ml). In this sample also P. aeruginosa (4 CFU per 250 ml) was found. ). The median of 25 mg l À1 (Table 1) indicates a rather high contamination of the water samples; 18 samples were above this value. Lowest values around 1 mg l À1 were found in HS1, HS4 and HS15.
Holy water
Bacteriological parameters
Holy water samples showed extremely high concentrations of heterotrophic plate counts in all churches investigated.
HPC22 and HPC37 reached maximal values of 6.2 × 10 7 and 3.0 × 10 7 CFU ml À1 , respectively, both of them registered in the most frequently visited church (HF4, Figure 3 ). With one exception (HF14), HPC22 were always above 10 4 CFU ml 
DISCUSSION Holy spring water
In our study, the majority of springs did not meet the requirements of the Austrian drinking water regulations.
Only three springs (HS1, HS6, HS19) both fulfilled microbiological criteria and exhibited nitrate concentrations below 50 mg l À1 . But even in HS1, HPC22 exceeded the indicator guideline value of 100 CFU ml À1 at one sampling date (150 CFU ml À1 ), and in HS6 and HS19, nitrate levels were rather high with 37 and 39 mg l À1 , respectively.
According to Austrian and European regulations, the guideline value for nitrate is 50 mg l À1 , and especially for infants water from holy springs is used for drinking in private homes, its consumption by infants below 1 year cannot be excluded. In addition, nitrate levels above 3 mg l À1 indicate a possible contamination of the spring (Rogan et al. ) .
With the exception of a few springs (HS3, HS5, HS18, HS20), the construction of the catchment and the installation was in nearly all cases of poor quality. It can thus be expected that the contamination with fecal indicators, P. aeruginosa and C. jejuni is a result from these construction deficiencies. But also those spring waters meeting the microbiological and chemical requirements cannot be recommended as reliable drinking water source due to constructional defects detected by sanitary inspection. Thus, the contamination with fecal indicators may result from the susceptibility of the water source to contamination. Most of the springs are not located in defined water protection areas.
Some of the springs investigated are located in a water protection area but, nevertheless, did not meet quality standards. In HS3, for example, 138 E. coli were identified in one sample.
Apart from poor quality of the water source itself, the majority of people who regularly collect water from such springs use impure bottles and store the water at room temperature, with a further negative impact on water quality.
Despite the fact that the quality of nearly all holy springs in our study did not meet drinking water standards, the opinion of the public is still positive. For an explanation it has to be considered, that in the 15th century, when holy springs became popular, they were of much greater importance than nowadays. For example, it is reported that even the King of Denmark in 1639 was convinced of the healing effects of holy springs (Johansen ). The water supply of cities and villages in those days was problematic and waterborne epidemics were abundant. In comparison to the medieval cities lacking sanitary infrastructure, such holy springs, far away from densely populated areas, were of likely significantly better quality than the water within the cities. This may be an explanation for the relevance of holy springs for the public in the past which continues up to now.
Holy water
The data collected showed high to extremely high contami- The risk for public health emanating from holy water must, however, not be overestimated. 
